In the following report we have assembled and compiled some rather conventional statistical data gleaned from two extensive epidemics of poliomyelitis which have occurred in and about the City of New Haven. Our interest lies mainly in analyzing certain events which occurred within this area during both epidemics, and comparing them. Such events, which lend themselves for comparison indude: (a) the time of onset and decline of the two epidemics; (b) the age distribution of the populations attacked; (c) the geographical location (home sites) of cases in each epidemic.
It should be stated, at once, that present methods of reporting the incidence of poliomyelitis are inadequate because we still do not know the clinical limits of this disease. In particular, the problem of so-called "abortive" forms of the disease has been a knotty one, since Wickman"0 first called attention to their existence, for the symptomatology of these "abortive" forms is indefinite, including as it does, many examples of illness which seem to be merely a gastrointestinal upset, or a mild bout of fever, headache, vomiting, etc. Consequently, most physicians find it very difficult to make a diagnosis of either poliomyelitis or "abortive" poliomyelitis, except in the presence of tangible signs of the disease, such as evidences of meningitic or myelitic involvement. In any event, the question of uncertainty of diagnosis has excluded cases without meningitic or myelitic involvement from statistics on poliomyelitis5 7, although it is needless to point out that, if the disease is thus limited, such a concept will enormously influence views not only on the epidemiology, but also on the fundamental nature of this disease.
This problem was vividly impressed upon us during the recent (1931) epidemic. For practical purposes some diagnostic criteria were necessary and these gradually resolved themselves into: (a) the development of paralysis in association with the usual signs of the disease, with or without the presence of abnormal spinal fluid findings; and (b) the presence of a pleocytosis (i.e., more than 12 cells) or a definite increase of globulin in the spinal fluid, in association with the usual signs of the non-paralytic form of the disease. Such criteria eliminate many examples of illness characterized only by sore throat, fever, vomiting or headache with or without mild stiff neck, which accompany an epidemic of poliomyelitis. Obviously, our diagnostic criteria are incomplete, but it is equally obvious that the question as to where to draw the line is difficult. For statistical purposes, however, it is essential to adhere rigidly to given criteria, such as those mentioned above, in full recognition of the fact that probably only a small percentage of the total cases of poliomyelitis are recorded.*
In the light of our proposed comparative epidemiological study it is pertinent to know whether our diagnostic criteria of 1931 conform to those employed in 1916. The answer to this question is not an exact one but is relatively satisfactory, for most of the 1916 cases included in our lists were admitted to the New Haven Hospital, and records are available which testify to the fact that the diagnostic criteria employed then were practically the same as those employed today. This fact is also borne out by personal conversation with several physicians actively engaged explosive epidemic of the disease should appear during July, one would be thoroughly tempted to predict the subsequent relative incidence curve on the basis of the two curves already at our disposal. The significance of the seasonal distribution is, of course, unknown; its extraordinary regularity, however, and the fact that few of our common infectious diseases adhere so rigidly to a given seasonal incidence, would suggest that in poliomyelitis the role of season is of fundamental importance, either in its effect upon the host, the virus, or the dissemination of the latter.
Age Groups Affected in Both Epidemics. The age distribution of poliomyelitis appears to be one of its most constant features, the same general characteristics being observed whenever the disease has been prevalent. Comparisons between the age groups attacked in this disease and in measles, and diphtheria, have led many to suspect that the lack of immunity to poliomyelitis is essentially an expression of lack of exposure to the virus, and, that as the opportunity for this exposure increases East Haven. These maps, which appear in Figs. IV and V, fail to indicate the variety of living conditions which exist within such a relatively small area, including as they do, densely crowded districts of the city, suburban and rural districts, together with a stretch of seven or eight miles of shore properties (city waterfront excluded) fronting on the harbor and Long Island Sound. In 1916, the population of the City of New Haven and the districts listed above, approximated 180,000. It will be seen that there was marked concentration within certain districts of the city, largely an expression of industrial activities in which munition factories played an important rle. In 1931, the total population of the districts shown in the maps approximated 225,000. The City of New Haven had gained slightly in population during the intervening fifteen years, whereas the surrounding towns had made tremendous gains.
One of the many difficulties which we encountered in our effort to visualize the distribution of the population at the time of each epidemic was the problem as to just what alterations occurred during the summer. In West Haven and in East Haven the shore-front districts shown in the maps, are undoubtedly crowded with people in the summer, and more or less deserted in the winter, but it is upon the winter residences that the census bureau statistics are based. Estimates obtained from the Town Clerks of these towns suggest that All of these variants detract from the value of the statistical methods employed; all of them would probably be repetitive in both epidemics, but in spite of their obvious limitations the attempt will be made to compare each epidemic from the standpoint of case incidence versus: (a) population density; and (b) terrain.
In order to orient the reader to the type of analysis employed, a sample chart is shown in Fig. VI . This chart deals solely with data which concern the 1931 epidemic. In it the density of the child population, i.e., individuals under 15 years of age, has been calcu-20. lated in terms of the number of children per residential acre in the wards of the city and the adjoining towns of West Haven and East Haven. Similarly the number of ( 1931 ) cases of poliomyelitis per thousand children in these areas are shown. The area covered by this chart has been divided into western and eastern sections of the city and surrounding neighborhood. Those wards or towns, which include a stretch of shore-front are indicated at the bottom of the chart. The importance of stressing the latter, as we have already emphasized, is that the population of such districts is probably far higher during the summer than the census figures indicate.
The legends, illustrating the case rates of the different populations involved, include fatal cases-indicated by black areas; paralyzed cases-indicated by cross-hatching; and non-paralyzed cases -indicated by shading. The purpose of dividing the cases into these different groups is to show the ratio of fatal and paralyzed cases to total cases in each group, for, as we have already mentioned, it is possible that many cases, particularly the non-paralyzed cases, might be missed among certain sections of the city where the inhabitants were not on the alert to detect the disease.
From Fig. VI it will be seen that a fairly even sampling of total cases exists throughout all of the wards and districts, varying from 0.8 per 1000 children to 8.2 per 1000, with an average rate of 3.9. Differences in the fatality rates throughout this area are probably not of significance, for the actual number of fatal cases included is too small, but it is interesting to note that no fatal cases are reported from the six most densely populated wards of the city. Wide differences in the ratio of paralyzed to non-paralyzed cases exist, and, as might be expected, the relative number of paralyzed as contrasted with non-paralyzed cases tends to be slightly higher in the most crowded areas of the city where poorer and more ignorant people tend to congregate. The main feature, however, which this chart illustrates, is that in the two most crowded (i.e., more than 8 children per residential acre) wards of the western half of the city, and in three out of the four most crowded wards in the eastern half, the total case rate is below the average, although there is a notable exception to this in Ward 14. On the other hand, in the more or less suburban area of West Haven, in two out of three of the scantily populated Wards (32 and 33), and in East Haven, which is largely semi-rural, the total rate appears to be well above the average. These figures mean very little in themselves, but our interest lies in whether the condition repeats itself in both epidemics.
We will turn first to the spot maps, shown in Figs. IV and V, indicating the location of total cases throughout different periods of the epidemics as compared with respective total populations. It will be seen that while there is a fairly generous sampling of the populations involved in each epidemic no particular areas may be singled out as having a high concentration of cases except for the eastern shore district of the harbor and East Haven. Furthermore, the distribution of cases within the city does not seem to reflect the population density, and one can hardly visualize from the maps showing total cases, just where the most crowded districts in the city are. A comparison of the attack rate in different city wards and districts in each epidemic appears in Fig. VII. Here the attack or case rate ratio has been estimated on the basis of total population, instead of child populations as in Fig. VI , because the latter are not available for 1916. The different ratios of fatal, paralyzed and non-paralyzed cases have also not been included. In 1916, the total average attack or case rate per capita for this whole area was 0.59 per thousand. In twelve crowded city wards it was 0.48; and in five shorefront wards and districts, which include the estimated increment in summer population, it was 0.76. In 1931 this ratio again repeats itself. The total average attack rate for this area was 0.98 per 1000; in the same twelve crowded city wards it was 0.93; and in the same five shore-front wards or districts it was 1.1 5. Such differences are slight and are dependent upon the variants already discussed, but they seem to indicate that the disease did not find its highest incidence in densely crowded city districts in either epidemic. We are aware, of course, that crowded conditions are rife enough along the beach-fronts in the summer and here ample opportunity exists for extensive contact. We are also aware that the higher incidence in the beach-front districts and wards may well be an expression of a population which actually greatly exceeds the estimated figures. However, it is difficult to conceive of the latter explanation as the complete answer. For instance, if the higher incidence of cases in East Haven were due essentially to an increase of population, then in order to bring the East Haven attack rate in line with the average rate observed in the city, instead of the estimated summer increment of population of 10 per cent, one would have to postulate an increase of population of about 130 per cent for 1916, and 140 per cent for 193 1. One might consider it natural to find a smaller number of cases in the most crowded city areas, because the degree of immunity is perhaps higher there, reflecting the recognized differences in mass immunity between urban and rural populations4. This is possible, but it is pertinent to add that the population in these shore-front districts is essentially urban in character in that the children attend urban schools and the summer residents for the most part represent urban citizens merely transported to the shore.
The significance of these figures may concern theories of the mode of spread of this obscure disease, but it is improbable that they can be interpreted in the light of our present knowledge. It is generally believed that poliomyelitis is spread by direct contact, and the detection of the virus in the throats of people ill with this disease has enormously strengthened this concept. On the other hand, the seasonal incidence of poliomyelitis does not fit very well with this view, for poliomyelitis appears at a time when people are not crowded within doors, and when most of the respiratory diseases which we believe to be spread by direct contact or droplet infection find their lowest incidence. Along this same line of reasoning our data suggest that during two epidemics, the densely crowded urban districts apparently did not produce the highest attack rate, but that the shore-front districts furnished conditions which brought about an attack rate which was not only comparable but probably higher, than the average rate noted in the adjoining urban environment. It is still quite impossible to state whether these differences are due to factors which concern the spread of the disease or factors which concern the susceptibility of the respective populations. Summary 1. Comparative studies as to chronology; the age groups attacked, and location of cases, have been made of the 1916 and 1931 epidemics of poliomyelitis in and about the City of New Haven.
2. A striking similarity exists between the time of onset and decline of these two epidemics.
3. An appreciable difference exists between the infant attack rate in these two epidemics, in that in 1916, 13.5 per cent of all the cases occurred in infants under one year, whereas in 1931, only 0.5 per cent of cases were noted in infants under one. Theories of the explanation of this feature are discussed.
4. In both epidemics the reported cases represent a fairly even sampling of the estimated population throughout the urban, suburban and rural districts, but among densely crowded city districts the attack rate was below the average, whereas the highest local incidence of the disease appears in both epidemics to involve the same shore-front summer resorts. Owing to the fact that the summer population of these shore districts is unknown, we cannot actually determine whether the disease consistently found a much higher incidence in this area or not. Nevertheless our figures tend to belittle the role of dense crowding within cities as the major predisposing factor for the acquisition of the clinical disease. 
